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¥. D. Sokolov, and R. Kh. Freydlinsa

Russian Bditer's Note: This is a digest of & report of the Spe-
cial Comumission of the Institute of Organic Chemistry, Academy of
Sciences USSK, formed for the purpose of reviewing the present state
of the theory of chemical structure. The report has been recom-
rended for publication by the Scientific Council of the Institute of
Organic Chemistry, Académy of Sciences of the USSR.

The Bureau [Kdministrative Officg'[ of the Department of Chemical
Sciences, Academy of Sciences USSR, has recognized the desirability
of continuing the debate on the subject of structural theories which
tock place on 2, 3, and T February 1950 at an expanded meeting of
the Scientific Council of the Institute of Organic Chemistry, and of
transferring it to the pages of Izvestiya Akademii Nauk SSSR, Otdel-
eniye Khimicheskikh Nauk, Zhurnal Fizicheskoy Khimii, and Zhurnal
Obshchey Khimii.

The suistance of A. M. Butlerov's theory of chemical structure is the as-
sugption that every atom in the molecule influences every other atom, either
directly or indirectly. He held that when all laws which determine the depen=
dence of the chemical properties of a rubstance on the structure become known,
one and only one formula will express all properties o. the substance. This
concept differs from the ideas of Cooper and Kekule, who regarded structural
fermulaes &8 reaction formulas only, drawn up meinly for purposes of conven-
ience and easy systematization. Butlerov's theory found its classical expres-
sion in the work of V. V. Markovnikov, who asserted that the behavior of indi-
vidusl functional groups is not constant and invarisble in all compounds, but -
depends cn the nature of other atoms entering into the composition of +the mol-
ecule, the number of these atoms, and the nature of their bonds with each’
other -and the functional group; in short, the chemical structure of the mole-
cule as a whole. .
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Fclicwing in the steps of Butlerov, Markcvnikov and many other Russian
cremists made invaluable contributions to the theory of structure, which
fsrmed the foundation of orgenic chemical industry. The development of the
indusiry, in turn, stimulated advances of theory. The modern theory of struc-
ture iz vaged on experience. For that reason, it is profoundly materialistic
and c¢orrectly raflects the objectively existing laws of organic chemistry,
which are dialectical in nature.

Decisicns of the Central Committee of the Communist Party on ideological
questicns and seszions of the All-Union Academy of Agricultural Sci 'ce3 imeni
V. I. Lznin have mobilized all Soviet scientists for the solution o. the prob-
lem of submitting to critical analysis the contemporary state of theoretical
crnceptions in all fields of science and for the fight against foreign reac-
tiznary ideas of bourgeois science, The crisis of bourgeois science, vhich is

4 with the general crisie of the capitalistic system, has also been
r«fiect:d in theoretical organic chemistry as developed by bourgeois scien-
tists, and has led tc the appearance cf methodologically faulty conceptions
that act as a braks on scientific advances. It is typical of bourgeois scien-
“1515  hat th2y underestimate Butlercv., Structural theory is interpreted in
a purely formal sense which is e&bsolutely foreign to Butlerov and his name is |
oot even menticned in the majority of cases. This is true of all works writ-
ten by bourgaois scientists {Meyer and Jakobson, Richter-Anschuetz, Hollemann,
J. Sctmidt, Karrer, Fieser and Fieser), and applies particularly to treatises
(including the latest bocks on the subject) which deal specifically with the
theory of the chemical bond and chemical structure. As examples may be named
Stewart*s Structurs of Molecules and the books by L. Pauling, G. W 7heland,
srd Branch,

All this constitutes falsification of historical facts in the sense that
the contribution of Russian science is negated and paves the way for idealism
introduced via formelistic schemes. Philosophical pragmetism is characteris-
tic of bourgeois scientists. Thus, Paulirg defines the chemicel bond and the
molecule in the following manner: "We shall consider that there is a chemical
bord between atoms or groups of atoms when the forces acting between them are
strong snough for the fcrmation of an aggregate which has a sufficient degree
of stability to be regarded as a distinct molecule by the chemist." Any ob-
jective criterion of the reality of the molecule and the bond disappears here.
It is wot surprising that such premises, being methodologically, wrong, lead
t¢ absurd conclusions.

Tae main fault of bourgeois theoretical thinking in the field of natural
science in the 20th century is "physical" idealism, particularly mathematicel
fetishism. As Lenin has remarked, reality disappeers from the mind of reac-
tionary thecrists and is replaced by mathematical equations, so that Kant's
idea 1o the effect that reason dictates the laws of nature ls revived under a
new guise. In the field of chemistry an example of this "physical" idealism
ig preaented by the thecsy of resonance. In this theory, a formalistic inter-
pretution of one of several possible methods of proximete calculation of mole-
cules leads to the concept of an allegedly existing qua.tum-mechanical. reso-
nance of structures. The latter concept iec then used as a means of explaining
actual facts and actually existing relationships. A thorough consideration of
the thecry of resonance shows that there is no sound basis for introducing the
concept of resonance into science: if another method of calculation is used,
the concept of resonance does not arise (1).

Under the circumstances it is nonsensical to assert that resonance may de-
termine the preperties of molecules., No experimental facts confirm the exist-
ence of resonance. It has been experimentally estallished that energies are

rot strictly additive, but these deviations cammot be explained by a nonexist-
ent rescnance of structures.
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Pauling and his follcwers substitute for the actual molecule a fictitious
set of resonance structures. Furthermore, Wheland expresses idealistic Mach-
ist views by stating that resonance is a purely mental concept, and then pos-
tulating the effect of resonance (i.e., of a mental concept) on the properties
of molecules,

The thzcry of resonance has a fictitious quality of seeming to explain
wany facts which are not understandable to the organic chemist. For that rea-
scn, it has besn widely accepted. C. K. Ingold®s theory is identical with ;
Payling'’s theory, except that Ingold, in attempting to explain mesomerism and 3
saqvching for some sort of special source of quantum-mechanical energy in doing
80, used an energy of perturbation instead of Pauling's energy of resonance.
Ingcld ‘s mescmerism is nothing else but Pauling’s resonance. This also applies
to the theories of Eistert (2) and Wheland, who use mesomerism in the same
gans2 35 Ingeld.

I+ can ba seen that the theoretical conceptions developed by bourgeois
scientists contain & ccnsidersvle element of antiscientific idealistic views.
The beurgecis chemical literature is clogged with books which distort Butlerov's
theary of structure and cause theoreticel chemistry to advance along a wrong
path.

Unfortunately, tbe harmful conceptions of bourgeois science have had an
influence on certain Scviet scizntists. Thus, Ya. K. Syrkin and M. Ye. Dyat-
kina state in their book, The Chemical Bond and the Structure of Molecules:
"Instead of ths fermal structural theory of the 19th century and the primitive
electrostatic ideas of the early 20th century we now have a much more highly
perfected physicael theory, which mey serve as a point of departure for future !

deve_opment of the theory of chemical structure and the structure of mole-

cules” {3). They further ssy: "The ideas of the /Formal/ structural theory

are very simple. It is sufficient to ascribe to hydrogen one valency link rep- R
resented by a dash, to oxygen two, to nitrogen three, and to carbon four, and

the whole experimentel material of orgenic chemistry will fit into this scheme." d
This description of the theory of structure bears no relationship to the lat-

ter’s actual content. This is not surprising, beceuse the name of Butlerov is

nct even mentioned a single time in the book. Distortion of the theory of

structure and silent cmission of the name of its creator are entirely inadmis-

sible on the part of Soviet scientists.

Furthermore, the authors err in that they ascribe physical reality to res-
onance structures, although they state themselves that these structures do not
actually exist. They deepen the errcrs of the resonance theory by computing
and seperating a transition structure which Pauling neglected., Their only rea-
son for doing this is the appearance of the member 2Y; ‘fg vwhen the binomial
(¥ Y8 ) is raised to the squere power. Notwithstanding the fundamental errors 1
committed by Syrkin and Dyastkina, their book was admitted as a text to be used ]
in higher chemical educational institutions, thereby contributing to the spread
of the harmful idealistic resonance theory among workers in the field of chem-
istry.

Similar errors are contained in A. I. Kipriyenov's book The Electronic
Theory (4). Kipriyanov also believes in the actusl existence of resonance
structures. Meny cther examples of an uncriticel attitude exhibited by Soviel
suthors toward the theory of resonance can be also given. Thus, M. V. Vol ‘ken-
shteyn in his ook (5) wrongly asserts that the actual state of the molecule
represents & superposition of separate structures just as the state of a bond
represents & superposition of elements of the homopoler and the ionic bond.

S. I. Lur'ye in "Investigation in the Field of Application of the Resonance
Theory to the Chemistry of Orgenic Compounds" (6) supplements a faulty concep-
tion of the resonance of structures, which he regards as a physical phenomenon,
by entirely arbitrary discussions on the mechanism of chemical changes.
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One must note that the scientific community of the Institute of Organic
Chemistry of the Academy of Sciences USSR has not paid sufficlent attention to
an exposition of the harmful aspects of the resonance theory. Members of this
institute (including several authors of the present paper) have uncritically
accepted the resonance theory and used it in thelr work. Examples of this use
of the resonance theory are A. N. Nesmeyanov and R. h. Freydlina's-explana-
tion of the properties of quasi-complex cormounds (1), B. M, Mikhaylov's work
on orgarometallic compounds of snthracene (8), D. N. Kursenov's work on aro-
matic ethers (9), E. N. Prilezhaeva's explanation of the properties of combi-
antion dispersion spectra of ethylenic compounds (10), and lectures held by
the institute's aspirant M. I. Kabachnik a8 well as the general review pub-
lished by him. )

Until recently, criticism of the theory of resonance by Soviet chemists
had not uncovered the methodological faul:s of that theory. V. N. Ufimtsev
criticizes only individual errors of the '-esonance theory, while G. V. Chel-
intsev (11) erroneously jdentifies the resonance theory with the whole contem-
porary science cf chemical structure and rejects both. Tf localization of
o ectrons in definite orbits is assumed, as is done by Chelintsev, a struc-
tural theory which is incompatible with the wave properties of the electron is
obtained. Chelintsev's "eontact" formula for benzene is incompatible with the’
existence of & center of symmetry in that compound and the fact that all six
carbon atoms are equivalent. According to Chelintsev's theory, ethylene, bu-
tadiene, naphthalene, anthracene, and phenanthrene must have dipole moments,
which is contrary to experimental facts. Chelintsev's theory contradicts the
known facts of chemistry and physics to such an extent that the author does
not use it himself. :

Thus, Soviet organic chemists have not yet subjected to correct and sharp
party criticism the {dealistic conceptions ot bourgeois scientists in the
Pield of organic chemistry. The development of such criticism on the basis of
Marxist-Leninist methodology and with utilization of all achievements of con-
temporary chemical science remains an vrgent necessity.

Tt seems to the authors that in the future, structural theory should be
developed mainly by emphasizing the mutual influence of atoms in & molecule on
each other, in the sense of Markovnikov's theory. The influence of atoms on
each other may be transmitted along the. chains of atoms by two different means.
One of them, the so-called inductior mechanism, is cheracteristic of & bonds.
The influence of atoms on éach other by this mechenism decreases rapidly with
increasing distance. Thnis influence is determined by the relative capacity of
the electronic cloud of the & bond to deform, due to the action of new substi-
tuents or structural elements. Deformation also takes place due to the effect
of an external field. :

Another type of interaction between atoms is characterized by the mutual
effect of groups possessing ”n’ ‘bonds, particularly conjugated bonds of this
type. This is the so-called tautomeric mechanism. The electronic cloud of
the bonds is much more easily deformed than that due to the & bonds with the
result that the electronic cloud: is more equally distributed along & conju-
gated chain and there is a higher degree of polari zability.

Both mechanisms are realized in a molecule which does not react (static
effects) as well as in a molecule vhich is entering e chemical reaction (dy-
pamic effects). In the latter case, the influence of other reactants will af-
fect the distribution of the electronic cloud.

At the present stage, only & qualitative evaluation of the distribution
of electrqnic density along a molecule is possible. .
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Successes achieved in the investigation of the mutual effect of atoms on
each other have led tc & better understanding of the structure of substances
which cannot easily be depicted by conventional structural formulas (aromatic
compounds and straight chain compounds having con jugated bonds) .  The uniform
distribution of the -electronic cloud in such compounds and the equivalence of
all carbon atoms in aromatic molecules lend to & structure which has been
rether unfortunately described as due to & "3islocation" of bonds. The pecu-
1iarities of the chemical structure of such compounds result ina higher heat
of formetion than that which would be expected on the basis of simple additiv-
ity, and deviations in the values of other chemical constants are also ob-

served.

£ simple (£) bonds among themselves
loped by Soviet chemists and will
theory of interatomic

The conception of the conjugation «
and with multiple bonds is now being deve
form the basis for e further advance of the structural

effects.

Although the first systematization of electronic displacements was pro-
posed in the early 1930's by Ingold, he confused mesomerism with Paw ing's
resonance. It is clear from what has been gaid above that mesomerism, which
is only one of the forms of the mutual influence of &toms in a molecule on
each other (cf Ingold's systematization) , cannot be regarded as due to a fic-

titious resonance of structures.

tern "mesomerism" has been distorted by
theory to such an extent that it would

be expedient to replace {t with another term. Chemisis usually picture the
mesomeric state as an intermediate structure. When & chemist encounters
characteristic chemical and physical properties which are due to the mutual
influence of atoms and groups on each other, he compares the properties of
the atoms and groups in question with those of the seme atoms and groups in
other, structurally related compounds. He then corcludes that the distribu-
tion of electronic density in the compound in questio: is intermediete between
the distribution in compounds snd groups used for comparison. This is A. N.
Nesmeyanov's conception of the intermediate structure (12), and it 4iffers
radically from the ideas of the intermediate state developed by F. Arndt (13),
, Ingold (1), Wheland (15), and others, who compare & really existing molecule
with fictitious "limiting," "unperturbed," and other structures (i.e., reso-

nance structures).

It seems to the authors that the
its use in the sense of the resonance

other representatives of the English school

While Ingold, Robinson, and
of the electronic theory

have contributed something positive to the creation
of reactivity of organic compounds, Ingold's theory, even when supplemented by
the idea that a single bond is capable of conjugation with a double bond, is
entirely inadequate, because it does not by far embrace all the possible types
of mutual influence of atoms in a molecule on each other. Particularly, the
whole chemistry of free radicals and all homolytic reactions (i.e., reactions
which are accompanied by the splitting up of electronic pa.irs) are not covered
by Ingold's systematization and dc not fit into it. : '

As far as formulation is concerned, it is true that conventional férmulas
do not express entirely accurately the chemical structure of compounds. Cer-
tain advantages mey be connected with expressing the structure by a set of
several formulas, but the drawback of this method is that an errcneous idea in
regard to the polystructural quelity of the molecule may erise, while the mole-
cule has only a single, very definite structure. The necessity of creating a
method which expresses the mutual effects of atoms on each other in a single

formule corresponding to objJective reality ipust be emphasized.
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Application of quantum mechanics, notwithstanding the approximate charac-
ter of calculations, has resulted in proof that the conception in regard to
the dislocation of bonds which chemists hed formed on the basis of experimental
data was correct. Another positive achievement is the modern theory of the ac-
tivated complex in chemical reactions (theory of the absolute velocities of re~
actions), the qualitative results of which have been applied in organic chem-
istry. :

Butlerov's sfructural theory has advanced considerably with the aid of the
1atest achievements of quantum physics. Nevertheless, theoretical organic
chemistry does not yet cover many kncwn relationships and experimental facts.
Contemporary electronic theory is still mainly quantitative, so thet its appli-
cation is restricted in cases vhen e qualitative relationship is of decisive
importance. Many relationships which have been experimentally determined for
saturated compounds cannot be explained by the theory. The theory of reactlv-
ity which is based on the subdivision of reactive substances into nucleophilic
reagents, electrophilic reagents, and radicals is still inadequate in many re-
spects. Questions connected with the structure of the activated complex (the
intermediate state in chemical reactions) have only begun %o be studied. The
problem of the effect of reaction media on reactivity of organic compounds is
still st an early stage of investigation, as for as theoretical explanation is
concerned.

In the field of theoretical organic chemistry, the task of .Soviet chemists
will comprise further development of Butlerov's theory of structure with the
aim of overcoming the defects of the contemporary electronic theory and creat-
ing a more general and qualitative electronic theory. The impcrtent problems
here are a genersl solution of Markovnikov's problem, solution of the problem
of interdependence between the chemical structure and the physical properties
of organic compounds, and creation of a more perfect theory of chemical reac-
tions of organic compounds. In the theoretical field, Soviet chemists must
generalize .the extensive experience of the Soviet organic chemical industry
acquired in all practical applications which are dependent on organic chemis-
try, and achieve the broadest utilization of theoretical results in the prac-
tical tasks of building Communism in the USSR.

There is no doubt that Soviet chemists educated in the great tradition of
Russian chemistry, armed with Marxist-Leninist ideology, and led by the Commu-
nist Party will successfully fulfill the tasks which lie before them.
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